Reaction of a dimeric b-diketiminato calcium hydride with 1,3,5,7-cyclooctatetraene enables two electron aromatisation of the [8] annulene to provide an inverse sandwich dicalcium cyclooctatetraenyl derivative.
Reduction of 1,3,5,7-cyclooctatetraene by a molecular calcium hydride: an even electron polarised insertion/deprotonation mechanism † Michael S. Hill Reaction of a dimeric b-diketiminato calcium hydride with 1,3,5,7-cyclooctatetraene enables two electron aromatisation of the [8] annulene
to provide an inverse sandwich dicalcium cyclooctatetraenyl derivative.
This reactivity does not proceed through sequential single electron transfer but via a consecutive polarised Ca-H/CQ Q QC insertion and deprotonation pathway that occurs at the intact dimeric hydride reagent.
Harder and co-workers' b-diketiminato calcium hydride, [(BDI)Ca(THF)H] 2 (1), 1, 2 (BDI = HC{(Me)CN-2,6-i-Pr 2 } 2 ) initiated significant interest in molecular hydride derivatives of the heavier alkaline earth elements. Although a variety of dimeric and polynuclear structural types have now been described, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] even greater interest has arisen from their emergent utility as stoichiometric and catalytic reagents. [15] [16] [17] [18] Compound 1, for example, has been shown to act as a catalyst for the hydrogenation of activated alkene and diene substrates, 19 a process which typifies the polarised metathetical and CQC insertion reactivity mediated by such redox-invariable 2+ metal centres. Our own research has highlighted that the highly nucleophilic character of the Ca-H bond of the THF-free variant of 1, [(BDI)CaH] 2 (2), enables its direct reaction with a wide range of unactivated terminal alkenes to provide the corresponding dimeric n-alkyl species. 20, 21 Notably, these reactions occur via highly polarised Ca-H/CQC insertion pathways and through the apparent retention of dimeric hydride and hydrido-alkyl intermediates (Scheme 1). The resultant alkyl derivatives are also sufficiently nucleophilic to effect the heterolytic cleavage of H 2 or, 22 even more remarkably, the direct nucleophilic displacement of hydride from benzene to provide the corresponding alkylated benzene derivatives. 20, 23 With these observations in mind, our attention was drawn to Harder's recent demonstration of the potency of such hydride reagents toward the transfer hydrogenation of C-C multiple bonds. 24 This chemistry utilised 1,4-cyclohexadiene (1, as the source of dihydrogen during which the cyclic diene is aromatised to benzene. (Fig. S1, ESI †) . A preparative scale reaction ‡ allowed the solid state structure of the dicalcium cyclooctatetraenyl derivative, [(BDI)Ca(m-COT)Ca(BDI)] (3), to be confirmed by a single crystal X-ray diffraction analysis of a crystal grown from a saturated hexane solution at À35 1C (Fig. 1) . § The asymmetric unit of compound 3 comprises half of a dimer wherein a crystallographic inversion centre coincident with the centroid of the C 8 ring serves to generate the remainder of the molecule. The inverse sandwich structure of 3 is, thus, defined by an Z . [27] [28] [29] The reaction between compound 2 and 1,3,5,7-C 8 H 8 in benzene solution was, thus, repeated between 140 and 298 K within the cavity of an X-band CW EPR spectrometer. Although this procedure again provided for the facile generation of the [COT] 2À dianion, no definitive evidence for any radical intermediates en route to compound 3 were observed. The formation of compound 3 was, therefore, studied by density functional theory (DFT, B3PW91) calculations. Although different pathways were computed (see ESI †), only the lowest energy process is presented (Fig. 2) . We have previously reported that the dissociation of the dimeric structure of compound 2 is endothermic by some 40.4 kcal mol
À1
. 22 Consistent with the facile production of 3 (G) at room temperature, the current analysis (Fig. 2) indicates that the significantly exothermic reaction (DH = À57.5 kcal mol À1 ) takes place through the retention of the calcium hydride dimer. The rate determining process of the reaction (TS-BC) is provided by the nucleophilic delivery of hydride to one of the isolated CQC bonds of the unsaturated [8] -inverse sandwich structure of compound 3 (G).
These observations underscore the ability of compound 2 to function as a potent source of polarised unsaturated insertion (2s-2p) and metathetical (2s-2s) reactivity, in this case to demonstrate that the reductive aromatisation of cyclooctatetraene does not necessarily require the intermediacy of single electron or radicaloid intermediates. The broader significance of these observations may lie in their potential relevance to reductive processes mediated by other redox inactive metal hydrides. We are, therefore, continuing to consider the implications of this investigation with regard to the activation of a wider array of reducible annulene and arene substrates.
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Notes and references ‡ A toluene (10 ml) solution of 1,3,5,7-C 8 H 8 (226 ml, 2.01 mmol) was added dropwise at room temperature to a stirring toluene (10 ml) of 2 (0.92 g, 1.00 mmol) and stirred overnight (ca. 16 hours). The resulting orange solution was evaporated to dryness, redissolved in hexane (20 ml), cannula filtered and concentrated. Pale-yellow crystals deposited at À35 1C overnight and were collected via cannula filtration to yield 3 (0.35 g, 34%). Colourless crystals suitable for X-ray diffraction analysis were obtained from a saturated hexane solution at À35 1C.
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